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(54) Shear action and compression 
energy absorber 

(57) An energy absorbing apparatus to 



dissipate the energy of the impact force 
of a vehicle. A plurality of energy 
absorbing sheets 37, 39 are arranged in 
a stacked relation to resist the impact 
force and to thereby dissipate the ener- 
gy of the force. Each sheet has a 
honeycomb structure of hexagonal 
cells that are filled with a deformable 
material such as polyurethane foam 
and that are defined by walls of relative- 
ly rigid material. In operation, an impact 
force is applied to the stack of energy 
absorbing sheets and each sheet is 
thereby caused to cut or shear into its 
abutting sheet so that at least a portion 
of the energy of the impact force is 
dissipated. As the stacked sheets cut 
into one another, the energy of the 
force is further dissipated by the com- 
pression of the polyurethane foam of 
the sheets. The cell walls may be of 
cardboard; plastics; paper coated with 
plastics; resin impregnated paper, 
linen, or glass fibre cloth; or metal. 




2983162 

2/3 



0^001 CO 
£ 0 0 0 1 U 6 

3/3 



1 



GB 2 083 162 A 



1 



SPECIFICATION 

Shear action and compression energy absorber 

5 The invention relates to apparatus and materials for 
absorbing and dissipating the impact energy of 
automobiles or other moving vehicles. More particu- 
larly, the invention relates to an energy absorbing 
structure wherein a plurality of sheets having foam- 

10 filled cells are arranged in a stack to absorb an 

impact force. The energy is absorbed when the foam 
is compressed and when the walls of the sheets cut 
into one another, 
it has long been known that the impact energy of 

15 an automobile may be dissipated if the automobile 
hits and crushes a deformable structure or material. 
Thus, it is known in the art that lightweight cement, 
plastic foam and various fibrous materials may be 
used to absorb impact energy. Also, various struc- 

20 tures such as foam-filled honeycomb arrays have 
been employed to absorb impact energy by com- 
pression. 

Moreover, impact energy may be absorbed by the 
cutting or shearing of relatively rigid energy absorb- 

25 ing structures. For example, as shown in the U.S. 
Patent to John W. Rich, No. 3,587,787, a plurality of 
sheets with intersecting wails may be stacked so that 
the walls of adjacent sheets cut into one another to 
dissipate the energy of an incident impact force. It 

30 has been found that the energy dissipation of such 
structures is reduced when a compressive force 
causes the walls of the sheets to crumple, rather 
than to cut or shear. Also, the walls of the sheets 
may expand or contract in response to ambient 

35 temperature and moisture conditions and thereby 
reduce the effectiveness of the energy absorption 
structure. Moreover, the rigidity and strength of such 
structures is generally limited and, therefore, the 
structures may not operate to cut or shear in an 

40 optimum manner. 

A preferred energy absorber for high-impact ener- 
gy vehicles such as automobiles or trucks should 
uniformly and completely crush in order to absorb a 
maximum impact energy and should provide a force 

45 absorption characteristic that increases as the dis- 
tance travelled by the impacting vehicle increases. 
The material of such an absorber should provide a 
high energy absorption per square inch, so that 
energy absorbing structures may be made as small 

50 as possible. 

Accordingly, it is an object of the invention to 
provide an energy absorption apparatus and mate- 
rial that is relatively compact and that operates to 
uniformly and consistently absorb the impact ener- 

55 gies of vehicles such as cars and trucks. 

A further object of the invention is to provide an 

. energy absorber that utilizes both shear action and 
compression to absorb the energy of an impact 
force. 

60 Another object of the invention is to provide an 
energy absorber that utilizes the favorable energy 
absorption characteristic of cutting or shearing lat- 
tices and avoids the shearing inefficiencies presently 
associated with such structures. 

65 A further object of the invention is to provide an 



energy absorption structure wherein stacked sheets 
with foam-filled honeycomb cells are caused to cut 
or shear into one another in response to an applied 
impact force, so that the energy of the impact is 
70 uniformly and efficiently dissipated. 

In order to achieve the objects of the invention and 
to overcome the problems of the prior art, the 
improved shock absorbing apparatus of the inven- 
tion includes a plurality of energy absorbing sheets 
75 that are arranged in a stacked relation to dissipate 
the energy of an impact force. Each sheet has an 
array of intersecting walls that define a plurality of 
cell areas. A deformable filler material, for example 
polyurethane foam, fills the cell areas of the sheets. 
80 In operation, the edges of the walls of abutting 
sheets are oriented to engage and to cut into one 
another and into the filler material to dissipate the 
energy of an impact force. Also, the deformable filler 
material is crushed to further dissipate the energy of 
85 the impact force. 

In a preferred embodiment of the invention, the 
energy absorbing sheets are formed as a hon- 
eycomb lattice of hexagonal cells that are uniformly 
aligned with cell faces lying in the plane of the face 
90 of the sheet and the cell walls extending to define 
cutting edges. Also, abutting sheets in the stack are 
angularly displaced 90° with respect to one another. 
The variation in the orientation of the sheets ensures 
that an impact force will cause the sheets to 
95 uniformly cut or shear into one another. 

The stacked sheets are placed in a deformable 
container such as a polyethylene box and several of 
such loaded boxes are supported in alignment in a 
retaining frame. The retaining frame has a plurality 
1 00 of nested retaining units that support the loaded 
deformable boxes and that telescope to successively 
crush the boxes in response to an axial impact force. 

The retaining frame is slidably supported on a 
rigid support surface by a plurality of legs. Each leg 
1 05 has a forwardly extending peg, a ring that is slidably 
engaged with the peg, and a chain that is affixed at 
one end to the ring and at the other end to the 
support surface. If a vehicle hits the retaining frame 
transversely, the chains attached to the legs of the, 
1 1 0 frame will hold the frame in a fixed position to resist 
the associated transverse force and to thereby 
deflect the vehicle. However, if an axial force is 
applied, the ring ends of the chains will drop from 
the pegs and the frame will thereby be allowed to 
115 telescope in the axial direction. 

Although a deformable polyurethane material is 
preferably foamed in the hexagonal cell areas of the 
energy absorbing sheets, in an alternative embodi- 
ment of the invention the stacked sheets are con- 
1 20 structed with empty cells and a foam panel is placed 
between successive sheets. An impact force causes 
the empty cells of the sheets to cut into the foam 
panel until the cells are filled with foam. Thereafter, 
the walls of the cells cut into one another and into 
125 the foam to absorb impact energy. 

Figure 1 illustrates a perspective vieew of two 
abutting energy absorbing lattice sheets having 
rectangular cells. 
Figure 2 illustrates a perspective view of an 
130 embodiment of the invention wherein a foam block 
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is positioned between lattice sheets having empty 
cells. 

Figure 3 illustrates a perspective view of an 
embodiment of the invention wherein an elongated 
5 intermediate foam-filled lattice sheet is positioned 
between shorter foam-filled lattice sheets. 

Figure 4 is a perspective view of two abutting 
enegy absorbing sheets having a honeycomb struc- 
ture of hexagonal, foam-filled cells. 
1 o Figure 5 is a top elevation view of the stacked 
sheets of Figure 4. 

Figure 6 is a perspective view of a container for the 
energy absorbing sheets of the invention. 
Figure 7 is a perspective view of a telescoping 
15 guard rail retaining frame for the container of Figure 

Figure 8 is a top elevation view of the retaining 
frame of Figure 7 in a crushed or compressed 
condition. 

20 The remaining portion of this specification will 
describe preferred embodiments of the invention 
when read in conjunction with the attached draw- 
ings, in which like reference characters identify 
identical apparatus. 
25 Figure 1 illustrates a perspective view of two 
stacked energy absorbing sheets in accordance with 
the invention. A top sheet 1 is comprised of three 
intersecting walls 3, 5 and 7 that are disposed in a 
block 9 of deformable material, for example 
30 polyurethane foam. The wails 3, 5, and 7 define 
separate cell areas within the foam. A bottom energy 
absorbing sheet 1 1 abuts the top sheet 1 and 
includes three intersecting walls 13, 15 and 17 that 
define cell areas within a corresponding 
35 polyurethane foam block 19. 

The walls 1 , 3, 5, 1 3, 1 5 and 1 7 may be made of 
fairly rigid material, for example cardboard, plastic, 
plastic coated paper or resin impregnated linen, 
paper, glass fiber cloth, aluminum, or other metals 
40 or materials. 

In operation, an impact force, such as caused by 
an errant vehicle, generally designated by the arrow 
21 , is applied substantially normal to the face of the 
top sheet 1 so that the abutting edges of the walls of 
45 the sheets are forced to cut into or shear into one 
another and into the foam blocks. Thus, a portion of 
the downward edge of the wall 3 engages a corres- 
ponding portion of the upward edge of the wall 17 
and the wails cut or shear into one another at the 
50 point of contact. Of course, the walls 3 and 17 also 
shear into the associated portions of the foam blocks 
9 and 19. Likewise, the walls 13 and 15 cut into the 
walls 5 and 7 and the associated portions of the foam 
blocks. The shearing action of the walls of the sheets 
55 provides a uniform resistance to the impact force 21 
and thereby dissipates or absorbs the energy of the 
force. 

As the walls of the sheets shear into one another, 
the foam blocks 9 and 1 9 are compressed and 

60 thereby generate an additional resisting force that 
further dissipates the energy of the impact force 21 . 
Thus, the energy of the force 21 is substantially 
reduced by cutting the foam and the sheets 1 and 1 1 
and by compressing the foam. 

65 The orientation of the walls of the sheets of Figure 



1 and the energy absorbing, cutting or shearing 
operation of the walls is described in the United 
States patent to John W. Rich, No. 3,587,787. 
However, the lattice structure that is disclosed in the 

70 Rich patent has empty cells and, therefore, energy 
absorption is provided solely by the shearing action 
of the walls of the structure. The foam-filled struc-' 
ture of the embodiment of Figure 1 provides an 
increased energy absorption by compressing the 

75 foam and shearing the foam and the walls of the 
structure. 

Also, the walls of the structure of Figure 1 have an 
increased strength and rigidity due to the lateral 
support that is provided by the foam. Accordingly, 

80 the walls of the sheets of Figure 1 are able to shear 
into one another more consistently. Therefore, the 
shearing action of the improved structure is general- 
ly superior to the shearing action of an empty cell 
structure which has unsupported walls that may 

85 tend to crumple or buckle, rather than to shear. Also, 
the empty cell structure may expand or shrink under 
ambient temperature and moisture conditions, while 
the foam-filled structure of the invention is dimen- 
sionally stabilized by the foam and is protected from 

90 undesirable moisture by the foam. Moreover, the 
cell walls of the sheets prevent the foam from unduly 
expanding in response to a compressive force and 
thereby enhance the force absorption qualities of the 
foam. 

95 It should be understood that, although only two 
stacked sheets are shown in Figure 1, additional 
sheets may be arranged in the indicated stacked 
orientation to provide for increased energy absorp- 
tion. Also, for simplicity Figure 1 illustrates two 

1 00 energy absorption sheets having a relatively small 
surface area. However, it should be understood that 
the walls of Figure 1 may be extended and additional 
walls may be added in the indicated pattern to 
provide energy absorbing sheets having any desired 

105 surface area. Moreover, although polyurethane 
foam has been suggested as a deformable energy 
absorbing material, it should be appreciated that any 
such material may be employed in the indicated 
manner. 

110 Figure 2 illustrates a perspective view of an 
alternative embodiment of the invention wherein 
empty-cell lattice structures 23 and 25 are positioned 
at opposite faces of an intermediate foam block 27. 
In operation, an impact or compressive force applied 

115 in the direction of the arrow 29 initially causes the 
lattice structures 23 and 25 to shear into the 
intermediate foam block 27 and thereby dissipates a 
portion of the energy of the applied force. The block 
27 may be dimensioned so that the lattice structures 

1 20 23 and 25 do not begin to shear into one another 
until the lattices are both fully embedded in the 
block, for example as shown at Figure 1. Of course, 
after the lattice structures are embedded in the block 
27, the shearing of the wails of the lattices and the 

1 25 compression of the foam is similar to the shearing 
and compression that was described for the embodi- 
ment of Figure 1. 

It should be appreciated that the embodiment of 
Figure 2 may provide an additional energy absorp- 

130 tion over the embodiment of Figure 1, since energy 
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must necessarily be absorbed as the empty lattices 
23 and 25 of Figure 2 shear into the intermediate 
foam block 27 and this energy absorption is, of 
course, not provided by the structure of Figure 1, 
5 since the foam is positioned in the cells of Figure 1 
before a compressive force is applied. 
Figure 3 illustrates a perspective view of an 
. embodiment of the invention wherein an elongated 
foam-filled lattice structure 31 is positioned between 
10 end lattice structures 33 and 35. In operation, when a 
compressive force is applied, for example to the face 
of the end lattice structure 33, the end lattice 
structures are caused to shear into the intermediate 
lattice structure 31 in the manner described for 
15 Figure 1 . However, while the ends of the intermedi- 
ate lattice structure 31 are shearing into the end 
lattices, the central foam portion of the structure is 
compressed or crushed to further absorb energy. 
Thereafter, when the central portion of the lattice 31 
20 is sufficiently compressed, the end lattice structures 
33 and 35 continue to shear into the lattice 31 to 
provide additional energy absorption. 

The embodiments of Figures 1-3 illustrate several 
energy absorbing structures that may be employed 
25 in accordance with the invention. However, it should 
be understood that the invention is not limited to the 
particular structures shown in Figures 1-3 or to the 
illustrated relative dimensions of the foam blocks or 
walls. The structures have been illustrated in an 
30 expanded format to facilitate an understanding of 
the invention and therefore, the relative dimensions 
of the illustration should not be construed to limit 
the breadth of the invention. 
Figure 4 illustrates a perspective view of two 
35 stacked sheets 37 and 39 of energy absorbing 
material, in accordance with a preferred embodi- 
ment of the invention. Each of the sheets of Figure 4 
is shaped by walls of paperboard, or other suitable 
"shearing" material such as described above, that 
40 form a honeycomb structure of foam-filled hexagon- 
al cells. 

As indicated for the embodiment of Figure 1 , the 
honeycomb cells of the preferred embodiment of 
Figure 4 are filled with a suitable deformable energy 

45 absorbing material, for example polyurethane foam, 
that is placed in the cells, for example by a chemical 
foaming action such as is known to the art. It is 
believed that the hexagonal foam structure of Figure 
4 is superior to other structures, due to its high 

50 strength-to-weight ratio, superior percentage of 
crush and its environmental dimensional stability. 
Also, the honeycomb cell structure of Figure 4 
appears to have a superior dynamic dimensional 
stability when compressed. Thus, the hexagonal 

55 cells appear to maintain their shape while being 
pressed in cutting relation and, therefore, the cells 

• apparently provide a superior shearing action for 
energy absorption. 
In operation, an impact force causes the upper 

60 honeycomb sheet 37 and the lower honeycomb 
sheet 39 to shear into one another in the manner 
described for the embodiment of Figure 1 . Of course, 
the polyurethane foam of the hexagonal cells is cut 
as the sheets interpenetrate and is compressed as 

65 the walls of the cells shear into one another. 



Figure 5 shows a top view of the two honeycomb 
sheets 37 and 39 positioned in the preferred orienta- 
tion of Figure 4. It has been experimentally deter- 
mined that, if a plurality of honeycomb sheets are 
70 stacked in aligned relation to form an energy 
absorbing column, there is a tendency for the 
column to buckle at its center when an axial 
compressive foce is applied. It appears that the 
transverse shear component of the axial force tends 
75 to move the column laterally and thereby causes the 
undesirable buckling. Accordingly, if alternate 
sheets of the column are placed so that adjacent 
abutting sheets are angularly displaced with respect 
to one another, the tendency to buckle is greatly 
80 reduced. An alternate 90° orientation for abutting 
sheets has been found acceptable, for reduced 
buckling and ease of manufacture, when the sheets 
are formed with the illustrated hexagonal cells. 
In practice, it is preferable to have honeycomb 
85 sheets with empty cells that have low cell length to 
mean cell diameter ratios and that are stacked with 
the indicated alternate 90° orientation. Polyurethane 
is then foamed within the structure of the stacked 
honeycomb sheets to fill the cells of the sheets and 
90 to hold the sheets together. It should be understood 
that any number of honeycomb sheets may be used 
to form an energy-absorbing stack having a desired 
energy absorption characteristic. 
Figure 6 illustrates a perspective view of a contam- 
95 er 41 that is employed to retain one or more stacks of 
the energy absorbing sheets of the invention. The 
stacks are oriented in the container to absorb the 
energy of an impact force that is applied, for 
example, in the direction of the arrow 42. The 
100 container of Figure 6 is preferably made of a 

material, such as polyethylene, that will protect the 
sheets from moisture and that will deform so that an 
impact force will be transmitted to the retained 
sheets. Also, the polyethylene container will retain 
105 the crushed sheets after the impact and will thereby 
facilitate the subsequent clean-up process. Of 
course, the container 41 may be constructed of other 
suitably waterproof, durable and deformable mate- 

110 The body of the container 41 may be constructed 
from a single sheet of polyethylene that is left open 
at its bottom so that appropriately aligned hon- 
eycomb sheets may be inserted. After the sheets are 
placed in the container, a relatively rigid panel 43 is 

1 1 5 affixed to the body of the container by screws 45 by 
other suitable fastening means. 

It has been experimentally determined that the 
impact force of an automobile will cause the panel 
43 to break away from the sides of the container 41 

120 but remain attached to the ends of the container The 
partially detached panel 43 will allow the air within 
the container and within the foam of the honeycomb 
sheet to escape as the sheets and the container are 
crushed. Generally, the partially detected panel 43 

125 will not allow pieces of the crushed honeycomb 
sheets to fall from the container. However, if it is 
desired to provide an additional means for retaining 
the crushed sheets while allowing air for retaining 
the crushed sheets while allowing air to escape, an 

130 inner deformable and breathable bag 46, for exam- 
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pie of woven polypropylene or burlap, may be 
placed inside the container 41 to hold the hon- 
eycomb sheets. The container 41 can be designed as 
a moisture-proof environmental barrier or alterna- 
5 tively, the contents of the container can be placed 
within a sealed bag made from a deformable 
material, such as plastic. 

Figure 7 illustrates a perspective view of a U- 
shaped guard rail that may be employed to support 

10 loaded containers 41 in an aligned relation. The 
guard rail of Figure 7 is positioned in front of and is 
firmly affixed to a sturdy anchoring structure, for 
example a concrete post 47. As shown in Figured 
the containers 41 that hold the stacked energy 

1 5 absorbing honeycomb sheets are placed within 
telescoping U-shaped sections of the guard rail and 
are retained against corrugated end wails 49. The 
containers are supported by L-brackets 51 that are 
affixed, for example by bolts, to the end walls 49. 

20 The guard rail structure is slidably supported on a 
concrete pad 53 by legs 55 that have slidable feet or 
skids 57. The guard rail frame has a plurality of 
telescoping U-shaped corrugated sections that are 
collapsed into one another when an axial impact 

25 force is applied at a nose section 59. Each section 
telescopes by sliding axialiy on a bolt 63 along a slot 
61. 

Each leg 55 of the telescoping guard rail has an 
associated forwardiy extending peg 65 that is slid- 

30 ably engaged with a ring 67. The ring 67 is affixed to 
one end of a chain 69 and the other end of the chain 
is firmly affixed to the concrete pad 53 by a bolt 71. In 
operation, if a vehicle hits the nose section 59 of the 
telescoping guard rail, the axial component of the 

35 impact force of the vehicle causes the forward 
section of the guard rail to move axialiy on the skids 
57 of the associated legs 55 and, as the section 
telescopes along the slot 61 , the rings 67 of the 
sliding legs fall from the associated pegs 65. As the 

40 front section of the guard rail telescopes, its contain- 
er 41 is crushed and thereby absorbs a portion of the 
impact energy of the vehicle. It should be under- 
stood that successive sections of the guard rail will 
telescope and the associated containers 41 will be 

45 crushed to further absorb the impact energy of the 
vehicle. The telescoping operation of the guard rail 
of Figure 7 is described in the United States patent to 
Walker, No. 3,982,734, and the subject matter of the 
patent is incorporated herein by reference. 

50 Figure 8 is a top elevation view of the telescoping 
guard rail frame of Figure 7, after the nose of the 
frame has been hit by a vehicle. As shown in Figure 
8, the U-shaped sections have telescoped into one 
another and the associated containers 41 have been 

55 crushed to absorb the impact energy. 

If the structure of Figure 7 is hit transversely by a 
vehicle, the rings 67 are retained on their associated 
pegs 65 and the chains 69 thereby resist the 
transverse impact force so that the impacting vehicle 

60 is forced to rebound from the guard rail. A trans- 
verse impact should not crush the containers 41 . 

Although the container 41 of Figure 6 and the 
telescoping guard rail frame of Figures 7 and 8 are 
preferred for use with the energy absorbing material 

65 of Figures 1-6, it should be appreciated that other 



shapes and sizes of containers and other container 
support apparatus may be employed in conjunction 
with the energy absorbing material of the invention 
to dissipate impact energy, without departing from 

70 the spirit of the invention. Thus, the invention may 
be embodied in other specific forms without depart- 
ing from its spirit or essential characteristics. The 
present embodiments are, therefore, to be consi- . 
dered in all respects as illustrative and not restric-. 

75 tive, the scope of the invention being indicated by 
the claims rather than by the foregoing description. 
Accordingly, all changes which come within the 
meaning and range of the equivalents of the claims 
are intended to be embraced therein. 

80 

CLAIMS 

1. An energy absorbing apparatus comprising: 

a plurality of energy absorbing sheets arranged in 
85 a stacked relation for compressing and cutting into 
one another to dissipate the energy of an impact 
force, each sheet having 

an array of intersecting walls for defining a 
plurality of cell areas, and 
90 filler means for filling said cell areas and adapted 
to deform to absorb the energy of the impact force 
and to support said walls so that the edges of the 
walls of abutting sheets cut into one another and 
into said filler means in response to said impact 
95 force, to dissipate the energy of the impact. 

2. The energy absorbing apparatus of Claim V 
further including at least one deformable container 
for holding said energy absorbing sheets. 

3. The energy absorbing apparatus of Claim 2 
100 wherein said deformable container is a polyethylene 

box. 

4. The energy absorbing apparatus of Claim 2 
further including a breathable liner bag disposed in 
said container for holding said energy absorbing 

105 sheets when the container and the sheets are 
crushed by said impact force. 

5. The energy absorbing apparatus of Claim 4 
further including a moisture resistant bag disposed 
in said container and enclosing said liner bag and 

110 said energy absorbing sheets for protecting the 
sheets and the liner bag from moisture. 

6. The energy absorbing apparatus of Claim 1 
wherein said cell areas are hexagonal in cross- 
section. 

115 7. The energy absorbing apparatus of Claim 1 
wherein the cells of abutting energy absorbing 
sheets are oriented in an angularly displaced relation 
for maintaining a uniform inter-sheet cutting action 
in response to said impact force. 

1 20 8. The energy absorbing apparatus of Claim 7 
wherein said cells are hexagonal in cross-section 
and said abutting sheets are angularly displaced by 
about 90°. 

9. The energy absorbing apparatus of Claim 1 

1 25 wherein said filler means is a foamed plastic mate*, 
rial. 

1 0. The energy absorbing apparatus of Claim 1 
wherein said filler means is a polyurethane foam. 

1 1 . The energy absorbing apparatus of Claim 1 
130 further including: 



a plurality of deformable containers, each contain- 
er having means for holding a plurality of said 
stacked energy absorbing sheets, and 

a retaining frame for supporting a plurality of the 
5 loaded deformable containers in alignment and for 
allowing successive containers to collapse and 
thereby dissipate said impact force. 

1 2. The energy absorbing apparatus of Claim 1 1 
wherein said retaining frame includes a plurality of 

10 nested retaining units for telescoping in response to 
an axial impact force to successively crush said 
supported loaded deformable containers. 

13. The energy absorbing apparatus of Claim 12 
wherein said retaining frame has a plurality of legs 

15 for slidably supporting the retaining frame on a 
support surface and each leg includes, 
a forward ly extending peg, 
a ring slidably engaged with the peg, and 
a chain affixed at one end to the ring and at the 
20 other end to said support surface for maintaining the 
leg in a fixed position to resist transverse impact 
forces and for disengaging from said peg to allow 
axial sliding movement of the leg in response to an 
axial impact force. 
25 14. The energy absorbing apparatus of Claim 1 
wherein said filler means includes a plurality of 
panels of deformable energy absorbing material, 
each panel disposed between two stacked energy 
absorbing sheets for interpenetrating with the 
30 sheets and filling the cell areas of the sheets in 
response to said impact force. 

15. The energy absorbing apparatus of Claim 1 
wherein at least one of said energy absorbing sheets 
has walls for defining cell areas that are longer than 

35 the cell areas of abutting sheets. 

16. An energy absorbing apparatus, comprising : 
a plurality of energy absorbing sheets for dissipat- 
ing the energy of an impact force, each sheet having 
a honeycomb lattice of hexagonal cells uniformly 

40 aligned with cell faces lying in the plane of the face 
of the sheet and cell walls extending to define 
cutting edges; 

filler means disposed in the hexagonal cells of 
each sheet for deforming to absorb the energy of 

45 said impact force and for holding said sheets in a 
stacked relation and orienting the cutting edges of 
the walls of the cells in abutting sheets to shear into 
one another and said filler means in response to said 
impact force. 

50 17. Energy absorbing apparatus substantially as 
hereinbefore described with reference to the accom- 
panying drawings. 
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